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PHOTOVOLTAIC ELEMENT AND ITS MANUFACTURE 
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YOSIflKAWA MASAO 
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INTL CLASS: [5] H01L-031/04; H01L-029/28 

JAPIO CLASS- 42.2 (ELECTRONICS ~ Solid State Components); 14.1 (ORGANIC 

CHEMISTRY - Organic Compounds); 35.1 (NEW ENERGY SOURCES - 
Solar Heat) 

JAPIO KEYWORD:R020 (VACUUM TECHNIQUES) 

ABSTRACT 

PURPOSE: To provide a photovoltaic element for which a highly stable 
electrode material can be used and which has a high conversion efficiency 
as an organic photovoltaic element. 

CONSTITUTION: In this element which contains a part composed of three 
consecutive layers of an electron accepting organic matter layer (I), layer 
(H) in which an electron accepting organic matter and electron donating 
organic matter are mixed, and electron donating organic matter layer (HJ) 
between the two electrodes, at least one of which is translucent, different 
kinds of pigments are used as the electron donating organic matters in the 
layers (H) and (ffl). 
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|3p 6-318725 



toR£*?«#tt*«*K©«£ttttK*** (ID t 
«^^#ft^-««jH (III) ©aabfc30©«*^^ 
4«»ft*tJJtiB**#-?l-*<' i T. 1 (ID fc**n 
-5«^«4tttl»i:l (III) Ot^f&ttttKtfM 

[*««2] 1 (ID Ka*ft**F*-*tttt*£l 
(ill) ©VFflt^ttfcHtfft&fcftfcfl***"*"** 

[«M8Ji3] S (ID fc«n*«T**tt*«&l 

(in) ©«^ft4tt«R*»*n*n7^n->7->« 

[**J14] 1 (ID KS*ft**Ftt-»tt**i:* 

din o«?«#tt®)S* t ^ti^n+'C.^si* i s^* 

W*3S5) ^< tt>-^S3t1fC*S20©« 

S ©wc. m?g®mm®m ( i > tm^s^ft^ta 

OH) OW*Ufe3t5©l*>6ft 

i (id c**n**F«#ttwi*« 

(III) ©* : F«4Ht«Jl* 1 IHi©*»'T***fi«* 

(in *»j«-r*«^K:, wecEiisnfcm^sstt 

[0 0 0 1] 

[gfH±©*iJffl#If] *569itt. ft-ty^mzh^mtt 

x&ntimTizm-rz* 

[0 0 0 2] 

git) c^jft-r^s^TS&sfc*. £&$*#*•©££& 
mms-titz. %nmo±fi!L\z\*ft&n&<D&tEifi& 

fc*£\ #-*©R»©fllj«T©SElft»*©*fi©»*tt 
£(.T©S9T'&£. 

[0003] i) ->3v h*-as*fcttMi sm&ft 



m^tSnT^S. A 1 //n->7->/Ag* 
^ CWT 4 7 8 mW/ c m' ©SfiftRWCJC tte»* 
0. 7% (V,c = l. 2V. J sc =l. 8mA/c 
m\ f f = 0. 2 5) tftfcftSftT^*. (A. K. 
Ghosh^J. Appl. Phys. 49, 5982 
(1 9 7 8)3. -7<Dm?lzm^tlT^Z>G 
^SftT^^)*©Sl'^©«PSf'fS^^tlTV^ 

*. aoT. ti^fcAi, in, ugmaitmm®. 
io #(av> *>©#&$ 2 ns. jm&tt&^cstffcstt*. 

[0 0 0 4] 2) nfflfc«**#/P 

n p mm*m&mti 1 1 u 

£rtSBm#£#JfflLfct>©. nSWtlTCdS, Z 

7=>&». 7^D->7r>*iWMrSftTV»4. IT 
0/«»C d S /HBWb7*5 ->> A * n*7* □ >7 
->/Au*^tC^-T-5>7 5 mW/ cm' ©AM- 2 ft 
BI«Tr3aft»*0. 2 2% (V oc = 0. 6 9V, Jsc = 
20 0 . 8 9mA/cm'. ff = 0. 2 9) 

(A. HorSAppl. Phys. Lett. , 4 
2, 1 5 (1 9 8 3)). 
[0 0 0 5] 

3) W«/=&« / vr°pn8te£«JBl'fc'b© 

[0 0 0 6] W#©#*«tUTT5*-f h^U-X 

30 tlT*0. '&%<F>MthT. 7^D->7->lfl. *B 
•>7 = >»*Mf* t «ft*ftTt»5. 

[0 0 0 7] IT0/*7^n->7X>/^'JU>«» 
/Ag*?ir*fT-5 7 5mW/cm ! ©AM-2 7t.^lt 
-C^^*0. 95% (V oc = 0. 45V, J sc = 2. 
3mA/cm', f f = 0. 6 5) jWMr3*TO»* 

(C. Tang Appl. Phys. Lett. , 4 
8, 1 8 3 (1 9 8 6) ] . £©fiite ; £%ft£ffl<^fc:ft 
gS#*^T{i*&©fc©T&5. MtJHWfc 
ckS#&BB6 2-4 8 7 1 tCtt, #5iHMSi£T-B'J«©^ 
40 |JU>B»IC**UT«SWMS1% (V. c = 0. 4 4V, 
J sc = 3. OmA/cm', ff = 0. 6) «5ft 

[0008] sen. «^s*tt*r««/* : fft4tt* 

^#4ft;f«84&S©r<a£M#©iI£E&Sttfc«»£K:^ 
^LT^2>. 

[0 0 0 9] i to/^u uymm/m u>«8+& 

50 ^R7^n->7X>/«*«7^D5'7->/Au*T 
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1 0 0 mW/ c m ! OJtfigjtT^ife^ 0 . 7 
% (V,, = 0. 51V, J, c = 2. HmA/cm', 



f f «cifffi^tlt^^t^tii. 



f f = 0. 4 8) #$g£$nT^£ (M. Hi r amo £j£bT^5rtgBH##*£^<!:J£5g£ft3„ L^U 
to5Appl. Phys. Lett. ,51, 106 T a n gflc©affitt£©$0&£:t 



U W<t%10mA/cm ! (DJ S cWlTW. 10 \t0. 1 cm' t&oTiSO, H{£fflT©®»[ ( 1 cm* 

?®m<D&2 1. ftyt&&$L&t$.<DVk2\Z&Z. »3tiS [0 0 16] 2 :3fttem&&m©FnTi-e£-5. fc©?gBJj 

gfclte, 4 0 0 nmfrt>lZZ'«m&-&$.-CJi;tfz>T Tte. €&{4&*©W«ft«<h:t-5 y^&jttT-S&g 

[ooii] ifc. f f f f©{£$ MaWifcftfcitftti&gsns. ic:^^ *-s-y 

f£#f f ©[6]±l;:$?i:LK £j£«ffi;!><I*;i> 20 iftffF+lCtel n, Ag, Sn, A 1 tf&mZtlT^Z. 

*<f f £*£<T£. Cine.©«fi£tCit) V. c ©|pJ±fe [0017] 3"2ft<!:bT> £ <D%=f §gtt*r$ft <h L 

0£tt<5#. fif*tt£*i£©£T+#&*«* i ££ft^ ittT7A-fhyu->, ^^im^vvY. truu 

[0012] Mizmtizt. «ft*nT^*#«Mee* *n*#*fl:^**««M!rsnT*o. m^«4£#$ft 

; v.ett*#<tn«*«. titLx^iwffli^n 30 *»iB)esnTU*-5. tte2a®«?s8tt*a 

&, nns©«^ttBSf'fktt»c2u^. sf^i, com [0018] «?§£tt*r$wi 

10 0 13] *J:tf«^«*tt#ll«Oia#-e-fcHUTt4«*tH« 

LT*r«*T&S*iS;fcft. &4tt*r$ftff ©g£Jf . * .fctfreft^ttffflWWa 

MR£SI*«. a*. W«Jitt¥-©*ma»SJBjSsn lfcEU«*{lt£ttW«M&K£m>TV>*fcft. ft&tt 

4 0 0 8 0 0 nm*T5ll>Jt!R«* l b 40 flM£&«BftMIC3fce±lCftJR3tt«&»3ATfe3F 

^^Sfi&TteftA&m&OftgiElf^. *«©*«tt [0 0 19] 

[0 0 14] 3) fl/tl^PpngS *««r*Ct*«T#, S&fc. #*3tfi«*3rFt U 

T*<&. aW««A»6©jejH»*»ff>L. 2ffl©« [0 0 2 0] 

0~5 5 0 nmWJl/>*Sfi. 5 5 0~7 0 0 n 50 JtttTft* 2 t?«D««OHHc, 



2 (19 9 1)3. 

[0 0 10] #««£ffl^fc3fcB*a*^©a!fc8Ms 



[0015] lt>ftttfc«J|©J13jSf»M,>jfcft (3 0 0 
~5 0 0 A^M$b^Ci:^!tffFlCia«$nT^-5) . 



$5%©^T«7 5mW/cm'©efeJtSgitfC^ 



Wfl&Wl^TBftSn*. T a n gSOiSiXOilia 
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(i) tvFagewattittvf-ft-stt****©® 
on on) © 

m.%&mz$>%m an am 

[0021] jEfccroftftsw^^ttttnoa^* 

a©7*D->7->g8©ifi£itiUT. <D*S&«©7 
^ □ ->7 - fcli+'k&JIi: tT 2 ffi©#JS£WT5 
7 ^ D ->7^> £: +<k£JB t LX 3 ffiO^JiSr^TS 7 
^□->7->, @il&Jg©7^D->7->£fcte'P'i>& 
gi: bT 2 fiffiW^JS^WT-S 7 ? a ->7- > t 
tLT4ffl©^«^ ; tr^7^n->7->. ©7^0-> 

->7n>t«l'^JBi:tT4ffi©^R*#-r*7^n>' 
(II) ©^^ffiibT. jB^*«*60*a**. 

[0 0 2 2] «J*) © 1 ^ 

0*McttHl©i*OT**. £ £Tr£##tttfBi«i 

T02© i b©*^fe>nS. £©*tJ5£©4*8teabfc14n 
lifc<, SfcHlOtt^iPltlfc****®*^^* 4 : 

[0023] mm ±b, h 1 *» sh 2 

4£«ftR®«£ttJBK*** (ID cav>TW*®7 
iJPS ^^©a^K^-pT^I* SflBfWftrtfllWffK 

G®®m (i) . an) ©«^&tf 

tt4tt*r«tt*©fi£ttJB£**Ji (in ic<$ffl£ns 
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a© t czwenom cawfc*roRtttm©**tt 

[0 0 2 4] 
[ftl] 

» (%) = V ° cX p J i C n Xf f xl0 ° 
[0 0 2 5] isStC&^T. V. c ttM;fSI50ttJE. J*c 

\ jittl$©mj£-tt^lfii£©B^£^TfIT'$>3. P i n 

w±«. Voc. Jsc. f f©-*n«iifl«mnbfc;i£e 
[0026] 1. *?sett****£«^«^tt#* 

7£/£#X*lM7>y?*£^bTig;i'5. 

(b) 2ao»!B*«Jlft*#»KlJ:0. fc^S**** 
%Kt» ; f^#tt*"tl ! fe«©S'& ! K8lt*** (ID © 

[0 0 2 7] (c) 2a©Ef6]tt#Mft£W E B-<fc 1 ^ 

t 

(II) ©BAtttffcfcb. 3t©»**0*ttna«t> 

(d) 2a©iS*»a i *&*tW*fc*0» m^s^tt^ 
0 Ktm^4tt^tiK©S^ : Kffil-S'S« (II) *t» 

[0028] 2. m^asttaattHt^H^tt 5 ** 
««©«6ttttK:»*i (id fc*er*n*«T«4tt* 
st^sfci^m^^ttwttitis an) ©*?«•£« 

(a) 2«©ftfc*!MJt**T*«^tt-¥tt**ttfc«fc 
0, *eF©3fc"Mflfi*a^U unfcifcft^SWfc* 

0*+ U7^**©ltiPK-Pft* t ofc. 
[0 0 2 9] (b) 2m<D&ti.Z>X.*)V¥--l"<)VZt} 

?*4tt**«*©«£tt*fc*** an 
« : p^tt*ai«i*«±it^Y , J7»4*s^^. vfft 

•^tt*fi8«5l (III) tO^^^tt***^** U7 

7»l8S!l¥* t l6]±b=lrY 'J 7*BXS©tift]tc^^* < ^ 
fc. Sfc, ^+'J7^1lHg^±A i 0 + Y , J7©^ffi^i£ 

[0 0 3 0] ^lC±IB«^g§ttW«St)K<tm^^4tt 
**«R05fi^tt«lca&4li (ID i*f-#-5-tt#*tt 

50 1 (111) i^sn-sjKssm^fft^tt**©^*** 



•5. 

[0 0 3 1] y*n->7->m®t*j->7<)F>m® 
tt, V»rtl"b»V»3t»«ttS*LT*0. *fciE?L»ft 

;i/$--7Ay-Dn7*n->7^>. Sftl7^D->7r 

H>«»fcffiASn4CtWitBSnT*D. j»E®+ 

[0 0 3 2] ft«©7*D->7:r>«BHig©jB. 

H****. ftiRifcRKo^Ttt, $I&Jg©7^D->7x 
>S^»7^D->7->^i:©2ffi©7^D->7^>T 
tt±fc*»iRj&*5 7 0~7 2 0 nmT&*©£*fU 7 
;|/SZ^DD7^D->7->fi;t , 03jJi©7^Di/ 
7^>&tf^^|/7*ai'7:i>fc£©4tifi©7*n 
->7^>Ttt6 3 0~8 5 0 nmTSS. 
[0 0 3 3] *»«©IME***'J K>{batiLT 
tt. *tt*WJH>. 2, 9-5?^d;|/*±^U h* 
X 3, 10-y?DMt?iJK>, 4, 1 1 -y? 30 
□;^ti"JK>, 3, 4, 10, \ \-=rY?t>U)\, 
^t^U^X 2, 4, 9, ll-fh7?DMt? 
UH>. 1, 2, 8, 9-f h7?oMWU h*>. 
1,. 2. 4, 8, 9, 11-a^dMWJH 
>, 2, 4, 9, H-fh77PA+t7UH>, 
2, 3, 9, 10-f l«77oA*ti"JK>. 1. 
4, 8, ll-fh77DA+ti"JKX 2, 4, 
9, H-fh77;WD^iJKX 1, 4, 8, 
H-fh77MDWJFX 2, 4, 9, 11 
-fh?3-H*ti'>JK>. 2, g-S^^Hr** 40 
"J FX 3, lO-^f^tJ'UHX 4, 11- 
•//fWt^JFX 3, 4, 10, 11— rh7* 
?Wt^JH>. 2, 4, 9, H-fh7/fW 
*y-'JFX 1. 2, 8, 9-fh7^WJf= 
>. l, 4, 8, 11-f h?/fMWJH>, 

2, 3, 10~X*h* 

i'+WJKX 4, ll-y^+vWJt-'X 
2. 4, 9, 11-f h^^h+y+t^UHX 1, 
4, 8, 1 1 -rh5^ t-*z/*j-9<J K>»3j»»tf6 

50 
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[0 0 3 4] *«W©fl&E7*n5/7n>«*4©3-5. 
*'C^«^2tf©7^n->7->iLTtt> »7?n-> 
7=X Ett7*n-X7-X =.y1r)V7i?Bi/7- 
X e^7^a->7^>. T^->>7A7^a->7- 
X Slfti7?Dy7^>. **ftM»7^n->7=. 
X ft7^Dy7r>m5. 4 5 <i>&JS#3<ffi©7:$' 
D->7^>tLTH 7;i/5nr7Ai7DD7^n->7- 
X 7M^A7MD7^Dy7^>. 7Jb= ""7 
A7oA7^a->7^>. < >v'7A7 0^7^d->7 
-X -f X^-7A7*PA7^aX7-X tfiJ^A^n 
D7?Dy7-X lftS!5fl:7JI/5rC7A^DD7^0-> 

Ttt. A7">?;i/7^P->7-> < ^-)\/y^n->7- 

[0 0 3 5] &K±E*?S*«l:*i« 
Ofi&ttflRK&SM (II) OfSKttCHHIi. S£ 

KSJI»j*tt:lf >*-;Koa^#*»il^«j*t bit 

^T*5ctiiKic^a©^iT$.-5. tm®a£ttiR 
©X£&»tett. x*ic«(t«tftPin)h9«^ft < ft 

TV»*. KftUECE>£tf:fc*i>«& (08*. tf. 

7n*7>F7>Kn>i:7*oX7->®sft) . mm 

u #»-f-n-e*umtt«^&ona***tttt. we 

£5. KJ?tt«^££tt$&M,h1i^#:4ttfefS©g£# 
gglt&SS (11) Ttt 3 0~1 0 0 0 A#jgy§T-&-5. 

J l( *t|TtS. £S 
tc, n9*tt¥*fM®#&lcJ:9. v oc , j„, f f 

5„ £ <DW£%l%tf£. U V>TttIE?fc (I tt^^ 

[0 0 3 6] 1) 3g»3S*©Gl± 
a) SWttffitUTtt. lSlTO©iS7i;i/Sl/^ 

-©&£rtt. 

&nM/nSfttt¥VfltJI. nSlifSftl/lf 



( 
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[0 0 3 7] b) ffi»0**6fi<'T*it* , "P**fc 

c ) n s*ttt¥*#n#* em? s«tt#«tii^BtB#tc 

[0 0 3 8] 2) @*&©i£$ 

a) aW*SlOXy^»©R* (IT0*J|lr>6tl 

o o o As«£U*«*a) 3&«naiJHi*»»i®»«rc 

b) «A«« : rs«tt*w«iKK>*-ji'*«#«EbT 

ftpng^SMU «?g$ttW«ltl«©e7*- 

[0 0 3 9] Mil) 

1) glJl*fe*$8# 

^7X, 7 , 7*^y77>f;i/A*jWilV>e>tt«». 

2) snts 

»tXX^>v'?A (I TO) . WtitXX, mfci>V 

9A*««fflv>sn«. »*uv»»stti oo~iooo 

OA 

3) nS!¥i«£#l 

>*T8HfcM). CdS«Wf*UW. *SB10~1 
0 0 0 OA 

4) «?§«14W«ftS 

>K v-f 5 ^/-JI*W©*1MM*. * 'J x*;u/Vf 

©&ft2. 4, 7-hU — rh7v 
7S*/y*9>* rh7->7yxfl/>, -77x/* 

y >^©77-t7 p ^-. irneii?!*, xe>n-K 

~3 0 0 0 AT-&5. 

[0 0 4 0] 5) »?«#ft#a«5i 
jffllB©7*a->7=>KH. +7-* 'J F>WHSl*fc« 
T©*>©#*tf »±Iy7^D->7->. t-7 
^D->7->«^ -f >-7^ ?*-f>^*W* (P 
igment Blue 6 6, Pigment Vi 
o 1 e t 3 6*), *D->7:2 ~>7^>ft 
*«. 7y-7'J7Afc£$)*©£&. tfWTF^atSJt 
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7 5>fl:^««) - #U £n-;k #'J7^'J7. #'J 
#. xt:>a-K x^-ytr>^*x-©*STSiisn 

?«4tt*ttl^«Ttt]iS^ffltJ¥« 50-3000 AT 

[0 0 4 1] 6 ) if B«® 
10 Au, Pt, Ni, Pd, Cu, Cr, AgffflttfH 
gt©iS^&Jg. 4*CAutt5fc3£Tff£L-V». £©£«© 
|gj¥«5 0-3 0 0 0 A**#*L-V>. 

[0 0 4 2] 

Hffiflll 

i<ft§LfcIT0^7X (&«X$H, 3 0Q/D) 
±C. I^S^tt^Sl (I) tbT^'J l'>rh7* 
^>i-^^3 : MSl ! Sfi (PL-ME) ££)4 0 0 

20 A©JPST*2*»U ^Vi-C-tOitm?***** 
fc*F«5tt*«©ffi£tt*K*3Ji (ID tbT^'J 
U>xh77J^>iS-7/5 1 ;K5 H«» (PL-M 
E) til#M©7^D->7^> (H,Pc) €rgiJ©sl% 
■W»&PWC*B*t*. **»fcJ:0»2 0 0A«»t. 
SfcWT2, 7-y7mti"JK> (QA-ME) £ 
H£5&i»T*-)4 0 0 Atttt. -tO±K**«a*»U 
fc. ITO££*%TBi«ttO. 2 5 cm' t tit. 2 
0©«ffilr^-X h (CT 'J - K$£® 9 tfttfc. 
[0 0 4 3] £©*?© I TOfiJC, 7 5mW/cirf 

30 ©efiftfcJIStUfc^S. 6mV/sTjft§l^ns€E 
$EWntT^«l^ ; £S!l^t^ ( i:^5V.c = 0. 3 8 
V, Jsc=l- 95mA/cm ! , ff = 0. 3 0 tti 
9^&$*0. Z0 9&tfi%*>tl1Z.. ^©{ilttWffiTtSm 
7J*? £ L-Ttt*tfct>©T*S. 
[0 0 4 4] Jt&0U (ftjfffll 
MMI1 OH) 2:2, 7 --7*7^ 

;Mr^? , JF7 (QA-ME) ©ft^0lCil^S©7^ 
□ 77^7 (H, Pc) Sll»Tfi4 0 0AXa«*-r 

40 £8!l£bfc. -t©IS*. V„c = 0. 36V, Jsc = l. 
7 8mA/cm', ff = 0. 2 7 £&9«ifc»*0. 
1 7 %T*HiS^J 1 JClt^W6*MCfi^fliT»ofc. 
[0 0 4 5] #d£0iJ2 

i<gfe#bfcl T07^57 «£«H£SS. 3 0Q/O) 
±CS«ja«»2 5 0'C-C, mAJ3ZtVT7)\sd>& 

5 0 0 A©JP£-T?&ttfc. *©±fc. m^S^tttlKl 
(I) tLT^'JUVf^M^^^fMSH. 
(PL-ME) *»4 0 0A©JMT*£*»U 
50 ^T*©±lC«?££ttftK£m?fc#tt4&lft©fi£ 



( 7 ) 



6-318725 



11 

&m\z$>zm (id tux^u u>7-hy*>)i$>mi? 

^fMSKMf (PL -ME) iMI©7^D->7 
^> (H,Pc) *9J0*»lW>SraBSK:*»S-lt. # 
M»IC«k9£j2 0 OARtt. m>T«*tt4tt*KJi 
(III) tVX2, 7-i?*?-)\,*i-9y)?> (QA- 
ME) *K2*»T»4 OOARtt, ^0±(C^Sr«$ 
j&»L£. I TO«fc*d«ft-rS«ttO. 2 5cm'£L 

[0 0 4 6] Z.<D%?CD I TOfldfC. 7 5mW/cm' 
®&fiJ£«JHItUt#t&. 6mV/sT-j§5l£ns«JE 
*BttOLT«M»*ft«)tUfctC*V lc = 0. 5 4 
V, J sc = 2. 2 1mA/cm', f f = 0. 48<bft 

too47] nmm 3 

£*W2©**tt4tt4MlH (III) tlWi"JH 
> (QA) £Xffl^?l94 0 0AR»?fc£l*tt*JKM 

*. V„t = 0. 53V, J sc = 2. 0 7mA/cm', 
f f = 0. 44t^0^lft^0. 6 4%#*§£n;t. 

[0 0 4 8] 

mmm2<Dmmmnm a id t lt^t >wi± 

>7U)179u*,7-> (InClPc) £Xg^irTi9 
4 0 0 ARttfcEtfMi£!fiH2 tHttC*^ 
S£tt3&**»£L-ifc. -tOtS*. V oc = 0. 5 1V, J 
sc = 2. 13mA/cm', ff = 0. 4 6 ttl<0%& 

[0 0 4 9] 

tfc&m (SJS01J2, 3, 4K*#-r**>©) 

%teM2<Dn=f-m%&fawm am **s&b©7*d 

->7-> (H,Pc) Ti&4 0 0 Aj^^TRttfeK 

fc. *©IS*. V 0£ = 0. 4 7 V, J sc = l. 9 0mA 
/cm', f f = 0. 3 9tft0gftS!lf 0, 46%T 
*S6092, 3, 4KJt^6d^CfiVi«[T»-3fc. 
[0 0 5 0] %Kfl5 

*ttOT2at?£&tt4MtJi am $^ui/>fh7 

M*>li>rW5FH» (PL-Bu) Tift 4 0 

oAxaaMtTRw-, «^a*tt«nt«^«4tt*R 

OJi-&tt!8lC**S (II) tLT^'JI/>f h7M* 
>I^WSHIfi (PL-Bu) £&&JS©7:$' 
D->7^> (H, Pc) £8iJ®*£H0>&nftCj|£ft3 
**»tJ:»3»2 0 0AR^fca^»4H*«2 tW 



12 



U L-fc. -toll*. V 

oc = 0. 51V, J sc = 2. OOmA/cm', ff = 
0. 5 1&&9Sita*0. 6 9X;W»&*1&. £©fil 

[0 0 5 1] JtttMS (JIIB«5C*#r*"bO) 
*«« 5 ft4tt«R« (III) SMIW7?D 
->7n> (H, Pc) *fflV»TJIS*JiTtt4 0 OAR 

SUSL/i. *CD||*. V oc = 0. 4 3V, J sc =l. 7 
10 8mA/cm ! , f f = 0. 3 8 t&fj 361^3**0. 3 

[0052] tmme 

*)UH*2<Z>«?£8«MMtj| (I) tLl^ijl/>fH 
7*;U^>SEv J 7xn;K5y > /-)^i(sf (PL-I 
M) S«4 0 0AR(t. «?5ett*»t*^tt4Ht«» 
*©fi£ttJBfc»*JI (ID tLTH) }/>?■}■ =7*1)1 

#>i^7irjKsy i ;-)H8 (pl-im) 15 

mgiMI07^D->7z> (H,Pc) 1 5mg£ 
^*T*g^Lfe^U^x>*-K<&ffll,^2 0 OA* 
20 S**?RI*fcGt*ttltJIM2 &n«C»?ef*|tU 
JHfca»*£«lJ6L-fc. V„c = 0. 5 1V, J 

,t = l. 83mA/cm', f f = 0. 49£&D3Sft 

$$0. 6ix*t»snfc. cottfwtsjtie***? 

[0 0 5 3] JtRfl4 (Hlfifl 6 

6 OMf- ms-m^nm am &&&m<Dy*u 

->7n> (H,Pc) 5ffl^TS^I»T*l34 0 0Ai 

SlJfcL-ifc. •€■©&&, V,c = 0. 4 0V, J se = 1. 6 
30 3mA/cm', ff = 0. 3 8tfl:0^$0. 3 
3 % THSg0iJ 6 Idtk^Bj & ifi icingffeo fc. 
[0 0 5 4] 

tJUTWifcOTi&S. tt^g£tt#ffi$ilf (I) £« 

an tm?«4tt*«n#)« am ©a^ufc3 

(II) K**n*«?tt*tt4Mt£H (III) 

40 „c, j sc , f f tLTm^Mimztu' rnmxsMij* 
[B2] m± 



(8) 41^6 - 3 1 8 7 2 5 



[HI] 



3 W *6 & % ft 























9 — Kfil 



im2] 



3 99 16 » 3t # & 


s 99 a & 




I 


( i ) 




(m) 







m 



J 



latum ¥b£5¥i oh 1 4B 
w wmi£ i ] 



